Vitamin A deficiency is considered a public health problem in over 60 countries including Ghana [6] .
Introduction
Vitamin A is an essential nutrient that is required in small amounts to maintain good health, particularly in children [1] . A recent meta-analysis of 16 published trials showed that there was a 24% reduction in risk of all mortality in children aged six months to five years in response to vitamin A supplementation. There was a 28% reduction in cause specific mortality associated with diarrhea, and a significant reduction in the incidence of diarrhea by 15% and measles by 50%. The same meta-analysis showed that vitamin A supplementation produced a 15% reduction in the incidence and prevalence of night blindness and a 68% reduction in the prevalence of blinding xerophthalmia [2] . Strategies to reduce vitamin A deficiency are promotion of home gardening, health education, food diversification and fortification, and vitamin A supplementation [3, 4] . Of these strategies, distribution of vitamin A supplements is the most cost effective and has been adopted as a key component of the Millennium Development Goals of reducing under 5 mortality by two thirds by the year 2015 [5] .
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The policy and strategy adopted by the Ministry of Health in Ghana to combat vitamin A deficiency is to distribute vitamin A supplements to every child aged 6 to 59 months every 6 months [10] . The distribution of vitamin A is integrated into routine health services, such as immunization programs, and it is managed and supported by the Ghana Ministry of Health. In 2007, the annual health report of Ghana indicated that coverage of vitamin A supplementation was 80%. In this report, coverage was defined as the percentage of children who had received at least one dose in that year. However, because the target population of children aged 6-59 months is over 5 million this means that nearly 1 million children did not receive supplementation [11] . The aim of this study, which was conducted in central Ghana, was to validate the published coverage data and to investigate reasons why children do not receive vitamin A supplements. Information arising from the study will be of value for policy makers and planners as it will enable them to identify and target the most vulnerable groups of children.
Methods
The study was a cross sectional survey of children aged 6-59 months and their mothers and careers. It was conducted over a 5 week period in June and July of 2010 in three districts of the Ashanti region of Ghana. The estimated total population of the three districts was 600,000. A sample size of 630 was calculated assuming 20% of children would not have received vitamin A supplements in the previous year. A confidence interval of 95% was used and a design effect of 1.5. The sample was increased by 10% to allow for noncompliance. If 15% would be children aged less than 5 years a total population of 4,000 people would need to be sampled. All the districts in the Ashanti region were stratified by ecological zone: i.e. rural forest in the south, suburban/urban, and rural dry savannah in the north. Simple random sampling was used to select one district in each of the ecological zones. Each district was divided into sub-districts and probability proportional to size was then used to select the villages where the clusters would be located. In each village, the study team went to the center of the village and spun a bottle to determine which direction to start enumerating. The team then went from house to house in the chosen direction. In households with more than one child between 6-59 months, the children were assigned numbers and one adult person in the household was asked to pick one of the numbers from a ballot box. The following inclusion criteria were used: children aged between 6 to 59 months, mothers or foster mothers of eligible children were present or fathers or foster fathers of eligible children were present. Children were excluded if they were visiting from another community, had not lived in the community more than 6 months, or were seriously ill.
A pre-coded structured questionnaire was used to collect data on demographics and socio economics of participants, including educational level and the occupation of both parents and their marital status, and the proportion of income used for food, as a proxy for household economic status. In this study, coverage was defined as the percentage of children who received one dose of supplementation in the last year which was assessed in two ways. Firstly, mothers were asked if their child had received vitamin A supplements and how many over the preceding 12 months. Second, the Road to Health charts of study children were inspected for documentation of supplementation. For knowledge of vitamin A, mothers were asked to name vitamin A rich foods that knew about. They were shown vitamin A tablets amongst other capsules and asked to identify the vitamin A capsule. They were asked to state the effect on their children if they did not get vitamin A supplements. The houses of responders were then inspected to determine the materials they were made of. The distance to the nearest health center and how long it would take for the caretaker to get there was also estimated.
The study was preceded by a pilot in 3 communities not included in the study. Data were entered excel and exported into SPSS for windows for analysis. Univariate analysis was used to show the relationship between all the variables and the uptake of vitamin A. Those variables that had statistical significance in the univariate analysis were then included in a multivariate logistic regression (backward stepwise Wald) analysis with receiving supplementation as the dependent variable. Ethical approval was obtained from the ethics committee of the London School of Hygiene & Tropical Medicine and the committee on human research publication School of Medical Sciences, Kwame Nkrumah University of Science and Technology Kumasi. Verbal informed consent was obtained from each household from the caretaker of the child. A total of 613 children participated in the study giving a response rate of 97%. The sample came from the following districts: Amansie east, in the forest zone, 223 children (36.4%); Eura Sekyedumasi in the savannah zone,199 children (32.5%) and
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Kumasi, a suburban area, 191 children (31.2%). The age and sex distribution of children is shown in Table 1 . There were no gender differences overall, but older children represented only 20.7% of the sample. The majority (79.1%) of mothers reported that their child had received at least one vitamin A supplement in the preceding year: 54.9% were reported to have received one dose and 45.1 % had received two doses. 14% of caretakers were not sure if their dependents had received any supplements while only 6.9% reported that their child had not received any supplements.
Road to Health charts were not available for review for 161 children: Supplementation status on the Road to Health charts that were available, showed that 63.5% of children were recorded as having taken a supplement: 20.1% overall (95% confidence interval [CI] 17.0-23.5%) had received two doses and 43.4% (95% CI 39.4-47.4%) had received one. Overall 10.3% (95% CI 8.0-13.0%) of children had not received any supplements (Table  2 ). There were considerable differences between the two methods of assessing coverage: 79.1% of mothers reported one or more doses compared with 63.5% documented doses. 6.9% of mothers reported that there child had had no supplements compared with 10.3% documented doses. Coverage was reportedly lower in the sample of children in Amansie east compared with the other two locations and was higher in younger than older children. Sex of the child, caretakers age, caretaker's relation to child, education of mother and father, occupation of mother and father, material the roof of the house were not associated with supplementation status ( Table 3 ). The only variables which remained independently associated with taking vitamin A supplements were the type of material house was made of, the caretaker's ability to correctly identify vitamin A supplements, knowledge of the medical effects of vitamin A deficiency and where the supplements were distributed. 
Discussion
The overall coverage was 79.1% (75.5, 82.2). However more than half of the children 54.9% (50.0, 59.5) had not got the full recommended supplementation of one every 6 months. In Ghana the target for 2007 was to reach 80% of children aged 6-59 months. According to official figures the target was reached and 80% of the children got at least one supplement in the year [11] . A coverage of over 79% was found in this study which corresponds to the official coverage. It also corresponds to data from neighboring West African countries, Mali and Niger who both have reported 80% coverage [12, 13] but, this coverage is for those receiving at least one dose in the last one year. If we consider children who have got the full two supplementation doses in the last one year then the coverage found in the study, 54.9% is much lower.
Some of the caretakers 14% were not sure if their dependents had received any supplementation. Perhaps these mothers believing we were health inspectors would rather say they were not sure than admit their children had not got the supplements. The record of vitamin A supplementation showed that 63.5 % of the children had received at least one dose in the last one year. Out of these only 20.1% had charts showing the full recommended supplementation of 2 doses in the last year. Comparing caretaker's account of coverage with health records showed that charts of supplementation coverage were lower than coverage reported by the mothers. One possible reason may be because of uncharted records. Because of the house to house and school distribution strategy, some of the children might not have their health charts available for documentation. Another reason may be that the mothers and caretakers in the household were over reporting coverage to please the research team. Studies in Guinea shows that the official reported coverage was higher than coverage obtained from field surveys [14] .
The literature reports that factors such as mother and father's education and living in rural areas are important determinants of coverage [12] [13] [14] [15] . In the Philippines Choi et al reported an association between poverty and poor coverage. Children whose mothers did not complete primary education and children living in poor households were less likely to receive vitamin A supplementation [16] . We did not find a statistically significant relation with maternal or paternal education. In the multivariate analysis, the factors that came out to be predictors for poor coverage are discussed below. Caretakers' inability to correctly identify the vitamin A supplements. It is hardly surprising that JOJ Ophthalmology those who could identify the supplements had higher coverage, if their child had received some supplements, they were very likely to identify it especially as the supplements shown them were brightly colored. This variable may not be a good proxy for knowledge of vitamin A. If the child had got the supplements any time in the past, showing the mothers the tablet is likely to jog their memory and remind them of the supplements.
Getting the supplements at schools. Compared with school distribution, home distribution through mass campaigns was associated with better coverage. Clinic distribution was also associated with higher odds of coverage. This is hardly surprising as many poor children even if they attend school do not begin to do so until they are well over 5 years. Poor knowledge of the adverse effects of vitamin A deficiency. In Indonesia there was a positive association between caretaker's knowledge of vitamin A and uptake of coverage [17] . In our study, poor knowledge of the medical effect of vitamin A deficiency was not associated with poor coverage. Indeed, no knowledge of the adverse effect of vitamin A deficiency was associated with better coverage. If it is assumed that the very poor who were least likely to be reached by educational programs and therefore were most likely to have no knowledge, then this finding corresponds to the finding in this study that living in mud houses (OR 2.17 95%CI 22.0,21.2) was associated with the best odds of receiving supplements. These are interesting observations. Perhaps scarce resources were being focused on and targeted at the very poorest and those considered as being not so poor may not be receiving adequate coverage. Further studies are required to explore this phenomenon and to avoid a potential reversal of the prevalence of vitamin A deficiency . There was no association between knowledge of natural sources of vitamin A and vitamin A coverage. Yet the study showed that there was poor knowledge of natural sources of vitamin A and adverse effects of vitamin A deficiency. Perhaps because the vitamin A programme in Ghana is a supplementation based and not a home gardening or an improvement of nutrition based one, education on naturally occurring vitamin A sources had not been emphasized. This is quite understandable since educational programs can be quite challenging and costly. A cost analysis of the national vitamin A supplementation programs in Nepal comparing the cost of capsule distribution with education indicates that, although the effects of both programs were similar, the capsule program achieved higher coverage rates at a lower cost while the educational intervention provided economies of scale and potential for long-term sustainability [18] .
Limitations
Access to the most remote parts of the districts was not possible because of logistics and this may have introduced bias. Because of the purposive sampling of the study, the results cannot be projected to the whole country. In some district's mothers were out harvesting beans and were not available to be interviewed so foster caretakers, usually grandmothers, who may not know everything about the child had to be interviewed. This might affect the type of response for coverage and the availability of health charts for inspection. Because of time constraints, the sample size for the study was calculated to give a precise estimate of coverage and was not calculated for risk factor analysis. For this reason, the study may not have been large enough to detect significant differences for some of the variables.
Conclusion & Recommendation
This study showed satisfactory overall coverage when at least one supplement in the year was considered. The coverage in the study was like the national statistics of 2007. However, the coverage was poor when the full recommended dosage of two supplements per year was used. There is a need for better education of caretakers on the medical effect of vitamin A deficiency especially on eye health. Could we redefine the coverage to include full coverage rather than the present at least one supplement in the last year? Admittedly this requires a major policy change. There is a need for better training of health workers on documentation of health charts.
